Background: Acrylamide, a probable human carcinogen, was recently detected in various heat-treated carbohydrate-rich foods. Epidemiologic studies on the relation with cancer have been few and largely negative. Objective: We aimed to prospectively examine the association between dietary acrylamide intake and renal cell, bladder, and prostate cancers. Design: The Netherlands Cohort Study on diet and cancer includes 120 852 men and women aged 55-69 y. At baseline (1986), a random subcohort of 5000 participants was selected for a case-cohort analysis approach using Cox proportional hazards analysis. Acrylamide intake was assessed with a food-frequency questionnaire at baseline and was based on chemical analysis of all relevant Dutch foods. Results: After 13.3 y of follow-up, 339, 1210, and 2246 cases of renal cell, bladder, and prostate cancer, respectively, were available for analysis. Compared with the lowest quintile of acrylamide intake (mean intake: 9.5 g/d), multivariable-adjusted hazard rates for renal cell, bladder, and prostate cancer in the highest quintile (mean intake: 40.8 g/d) were 1.59 (95% CI: 1.09, 2.30; P for trend ҃ 0.04), 0.91 (95% CI: 0.73, 1.15; P for trend ҃ 0.60), and 1.06 (95% CI: 0.87, 1.30; P for trend ҃ 0.69), respectively. There was an inverse nonsignificant trend for advanced prostate cancer in never smokers. Conclusions: We found some indications for a positive association between dietary acrylamide and renal cell cancer risk. There were no positive associations with bladder and prostate cancer risk.
INTRODUCTION
Acrylamide (C 3 H 5 NO) is a small hydrophilic molecule that polymerizes readily in the presence of an initiator because of the double bond between the first and second C-atoms, which makes it a versatile industrial chemical. In 1994, the International Agency for Research on Cancer classified acrylamide as a probable human carcinogen, on the basis of its carcinogenicity in rodents (1) . Before 2002, acrylamide exposure was thought to occur mainly through occupational exposure, also through cigarette smoke, and to a minor extent through the consumption of water and the use of cosmetics. However, in 2002, Swedish scientists reported its presence in carbohydrate-rich foods that were produced at high temperatures, such as French fries and potato chips (2) . This finding alarmed the scientific community, particularly because acrylamide is present in foods at considerably higher concentrations than are other well-known food carcinogens, such as polycyclic aromatic hydrocarbons and ethyl carbamate (3) . Shortly after its discovery in food, acrylamide was shown to form in Maillard browning reactions, in which amino acids, particularly asparagine, react with reducing sugars at high temperatures (120°C) (4, 5) .
The mechanism by which acrylamide causes cancer in laboratory animals and by which it may cause cancer in humans is as yet unclear (6); both genotoxic and nongenotoxic pathways have been suggested. Acrylamide itself and its epoxide metabolite glycidamide, which is generated by cytochrome P4502E1 (CYP2E1), are clastogenic, and glycidamide forms DNA adducts. As for possible nongenotoxic pathways, acrylamide reacts with glutathione and may thus influence the redox status of cells and gene transcription, or it may interfere with DNA repair or hormonal balances (6) .
Animal studies have shown positive dose-response relations between acrylamide exposure and cancer in multiple organs in both mice and rats (7) (8) (9) (10) ; included among those organs were several hormone-sensitive organs, such as the mammary glands and the uterus. Studies of occupational acrylamide exposure have been negative so far, apart from a finding of a greater risk of pancreatic cancer, but that finding was based on a small number of cases (11) (12) (13) (14) (15) (16) . Dietary acrylamide intake and its relation with various types of cancer have been studied in few case-control studies (17) (18) (19) and only 2 prospective cohort studies (20, 21) . One prospective cohort study by our group showed a positive association between dietary acrylamide intake and risks of endometrial and ovarian cancers but not postmenopausal breast cancer (22) .
Because the acrylamide molecule is small and hydrophilic, it passively diffuses throughout the body (23) . For this reason, all tissues are theoretically targets for acrylamide carcinogenesis. In the present prospective cohort study, we investigated the relation between dietary acrylamide and risk of cancer of the kidney, bladder, and prostate. Prostate cancer was of particular interest because of its hormonal etiology.
SUBJECTS AND METHODS

Study cohort, cases, and follow-up
The Netherlands Cohort Study on diet and cancer (NLCS) began in September 1986 with the enrollment of 58 279 men and 62 573 women aged 55-69 y. At baseline, the participants completed a self-administered questionnaire on 150 food items and on possible risk factors for cancer, such as smoking, occupation, and physical activity.
Participants were informed that, by returning a completed questionnaire, they gave their consent to participate in a study of the etiology of cancer in relation to diet. The study protocol was approved by the Medical Ethics Committees of the University Hospital Maastricht and TNO Nutrition.
Data processing and analysis were based on the case-cohort approach, in which the cases were enumerated for the entire cohort (providing the numerator information for estimating incidence rates), whereas the accumulated person-years for the entire cohort were estimated from a subcohort of 5000 men and women randomly sampled from the entire cohort at baseline (providing the denominator information for estimating incidence rates). Thus, all of the incident cases in the total cohort were used in the analyses. The size of the subcohort was based on calculations that were described previously (24) . Since the start of the study, vital status information was obtained from the subcohort at regular intervals. Incident cases in the total cohort have been detected by annual computerized record linkages to the regional cancer registries and the Netherlands Pathology Registry. The completeness of cancer follow-up through linkage with the cancer registries was estimated to be ͧ96% (25) . The follow-up of the subcohort was nearly 100% complete (only 2 male subcohort members were lost to follow-up) at the end of the follow-up period. Further details on the design of the study and methods of follow-up were presented elsewhere (24, 26 -28) .
The analyses are based on 13. Cases and subcohort members were excluded from analysis if they had been diagnosed with cancer (other than nonmelanoma skin cancer) at baseline and if their dietary data were incomplete or inconsistent. The selection and exclusion steps that resulted in the numbers of cases and subcohort members that were available for analysis are shown in Figure 1 .
Acrylamide intake assessment
The NLCS food-frequency questionnaire (FFQ) contained questions on 150 food items (27) . The acrylamide intake was estimated from the mean acrylamide concentration of food items and the frequency of consumption and portion size of the food items.
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the Dutch market. In 2002, the Dutch Food and Consumer Product Safety Authority used an elaborate sampling scheme to analyze acrylamide concentrations in various foods, such as bread, French fries, pastry and cake, Dutch spiced cake, potato chips, cornflakes, meat, fish, and several beverages (29) . In 2005, more foods were analyzed to specifically accommodate the estimation of the acrylamide intake of the NLCS cohort; this series consisted of bread, rusk, specific types of cookies, rye bread, crisp bread, pastry and cake, chocolate and chocolate milk, nuts and salty snacks, peanut butter, and coffee (30) . Bread was sampled and analyzed again in 2005, because the quantitation limit of the analytic method had decreased from 30 ppb in 2002 to 15 ppb in 2005, and that change offered the opportunity to more accurately estimate the acrylamide content of bread.
The foods that were used in the acrylamide intake assessment were assigned the mean value of the acrylamide values per food or a value one-half the quantitation limit when concentrations were lower than the quantitation limit (because even those foods probably do contain some acrylamide). Other foods (ie, meats, cooked and raw vegetables, and dairy products) were assigned the value zero. Because acrylamide concentrations in individual foods vary considerably, our group has performed a validation study to investigate whether using mean acrylamide concentrations in foods results in a sound estimate of total acrylamide intake (data not shown). The acrylamide content of 39 duplicate 24-h Dutch meals from 2004 was estimated by using the menu list (on which amounts of individual foods in the 24-h meals were listed) that the participants of the duplicate meal study filled in for their duplicate meals, and the same mean acrylamide concentrations for foods that were used in the NLCS study. Next, the acrylamide concentrations of the duplicate meals were chemically analyzed and correlated to the estimated acrylamide content, which rendered a Spearman correlation coefficient of 0.78. This finding indicates that it is feasible to make a sound rank ordering of the acrylamide intake via a 24-h meal by using these mean acrylamide concentrations for individual foods. The acrylamide concentrations of foods that were used in the acrylamide intake assessment are shown in Table 1 .
Statistical analysis
Acrylamide was included in the statistical models as a continuous variable and as a quintile distribution. Furthermore, the fifth quintile was split into 2 deciles to investigate the highest 10% of the intake, which is more in line with the intake of current populations in developed countries (31) , such as the Netherlands.
A priori, on the basis of the literature, variables, besides age and sex, were selected for inclusion in the multivariable-adjusted models. For renal cell cancer, those variables were hypertension, body mass index, energy intake, fruit consumption, and vegetable consumption; for bladder cancer, they were vegetable consumption, fruit consumption, tea consumption, and family history of bladder cancer; and for prostate cancer, they were socioeconomic status (SES), alcohol intake, and family history of prostate cancer (32) . Other variables were included in the models if they changed the age-and sex-adjusted hazard ratios (HRs) of acrylamide (expressed as the interval between the 10th and 90th percentiles of intake: 27 g acrylamide/d) by 10%. Different groups of variables were checked for confounding potential on the basis of this change of estimate rule. For renal cell cancer analysis, those variables were SES, physical activity, tea consumption, and a family history of renal cell cancer; for bladder cancer analysis, they were body mass index, SES, total fluid intake, energy intake, and meat, fish, and cheese intakes; and for prostate cancer analyses, they were body mass index, height, physical activity, energy intake, and meat, fish, vegetable, fruit, and dairy consumption. We also checked the following broad categories of foods or nutrients for confounding potential for the 3 cancer types: alcohol consumption, energy-adjusted intake of saturated fat, trans unsaturated fatty acids, carbohydrates, and dietary fiber. Because cigarette smoke is a very important source of acrylamide, smoking status (current or not current), the duration of smoking, and the number of cigarettes per day were included in the model for the total group (but not in the analyses for never smokers). Smokers have been shown to have, on average, 4 times the concentrations of acrylamide-hemoglobin adducts in their blood-a marker of the internal dose of acrylamide-as do nonsmokers (33, 34) . For that same reason, subgroup analyses were performed for never smokers.
The proportional hazards assumption was tested by using scaled Schoenfeld residuals. HRs (and 95% CIs) were obtained by using Cox proportional hazards regression and STATA software (version 9.2; Stata Corp, College Station, TX). SEs were estimated by using the robust Huber-White sandwich estimator to account for additional variance introduced by sampling from the cohort. Tests for dose-response trends were performed by fitting the median acrylamide intake in each quintile for the 3 Measurements in cookies were performed in several types of cookies known to be eaten most frequently by the population comparable to that of the NLCS, according to information from the development phase of the questionnaire. Thus, an acrylamide concentration in cookies was based on the acrylamide concentration in the specific types of cookies weighted by the frequency of consumption by the NLCS-comparable population. The same was done for other composite food items, such as bread. 6 Analyzed in brewed filtered coffee that was prepared according to general Dutch preparation instructions (7 g coffee powder/125 mL water).
quintiles of acrylamide intake. To investigate whether the observed associations could be attributed to acrylamide itself or whether the association was due to other characteristics of acrylamide-containing foods than the acrylamide content, models were run with acrylamide and the foods (one at a time) that explained most variance in acrylamide intake.
Effect modification of the association between acrylamide intake and cancer by other variables was tested by using Wald chi-square tests. The variables that were tested for effect modification were selected on the basis of their ability to modify the activity of CYP2E1, the enzyme that converts acrylamide to glycidamide. Other acrylamide researchers have recommended studying the interaction between dietary acrylamide intake and factors that influence the expression of this enzyme in epidemiologic studies (35, 36) . These variables are diabetes, obesity, smoking, alcohol consumption, and physical activity (35, (37) (38) (39) . The categories of these variables were a priori based either on existing categories in the NLCS database (physical activity) or on the number of subcohort members within the categories, to strive for sufficient participants in each category (number of cigarettes smoked/d, number of smoking years, and alcohol intake). Throughout, 2-sided P values are reported.
RESULTS
On average, the subcohort members had a mean (ȀSD) daily acrylamide intake of 21.8 Ȁ 12.0 g/d, which corresponds to
Men had a slightly higher absolute intake (22.5 Ȁ 12.1 g/d) but a slightly lower intake per kg body wt (0.29 Ȁ 0.16 g ⅐ kg body wt Ҁ1 ⅐ d Ҁ1 than did women (absolute: 21.0 Ȁ 11.9 g/d; per kg body wt: 0.32 Ȁ 0.19 g ⅐ kg body wt Ҁ1 ⅐ d Ҁ1 ). Although coffee was overall the most important contributor to acrylamide intake, Figure 2 shows that it was not coffee but, rather, Dutch spiced cake that was chiefly responsible for the variations in acrylamide intake in the population of the present study; next most responsible were coffee, French fries, potato chips, and cookies. These findings applied to both men and women.
The values of the covariables that were assessed for confounding potential for the subcohort and for the cases, separately for men and women, are shown in Table 2 . There were no striking differences between cases and subcohort members for most of the variables. Only smoking (current smoking, number of cigarettes per day, and number of smoking years) was more prevalent among bladder cancer cases and among male renal cell cancer cases than among subcohort members.
The age-and multivariable-adjusted associations between acrylamide intake and renal cell cancer risk for men and women combined are shown in Table 3 . There was a statistically significant positive association between acrylamide as a continuous variable and renal cell cancer risk in the group of men and women combined (HR: 1.10; 95% CI: 1.01, 1.21) per each 10-g increment in acrylamide/d. For men and women separately, the HRs 
From top to bottom:
Relative and absolute contributions of foods to the mean daily dietary acrylamide intake of the present subcohort of the Netherlands Cohort Study. Left panels, men; right panels, women.
were similar, 1.10 (0.98, 1.23) and 1.11 (0.94, 1.31), respectively. In the group of men and women combined, there was a significant (P ҃ 0.04) positive trend from the lowest to the highest quintile of acrylamide intake, with an HR of 1.59 (1.09, 2.30) in the highest quintile compared with the lowest. This pattern was observed in both men and women. There was no association in the subgroup of never smokers.
The associations between acrylamide intake and bladder cancer risk for men and women combined are presented in Table 4 . Acrylamide intake was not associated with bladder cancer risk when male and female never, former, and current smokers were combined. Moreover, in the subgroup of participants within the highest decile of acrylamide intake, no greater risk was observed. However, in the never-smoking subgroup, acrylamide intake tended to be inversely associated with bladder cancer risk (P for trend ҃ 0.07), but there was no linear dose-response relation. Stratification of the analyses by sex showed that an inverse association was found in women (although it was not statistically significant and did not have a linear dose-response relation), whereas, in men, the HRs were Ȃ1. The same pattern was found in never-smoking women. Similar results were observed for invasive bladder cancer.
From the data given in Table 5 , it can be concluded that there were no indications of a positive association between acrylamide intake and total prostate cancer risk. There also was no greater HR in the highest decile of acrylamide intake. This finding was similar for advanced prostate cancer. However, there was an inverse statistically nonsignificant (P for trend ҃ 0.10) doseresponse relation between acrylamide intake and advanced prostate cancer risk in never smokers.
Adjustment for coffee intake slightly decreased the HRs of the highest quintiles of acrylamide intake and the continuous acrylamide variable for renal cell cancer. Adjustment for the other foods did not change the HRs (data not shown).
The results of the analyses (men and women combined) of interactions between acrylamide and possible CYP2E1-influencing variables are shown In Table 6, Table 7 , and Table 1 HR, hazard ratio; Q, quintile. The numbers of cases and person-years are the numbers that resulted after listwise deletion of observations with missing values for the selected confounders. HRs were calculated through Cox proportional hazards analysis. The sex ҂ acrylamide intake interaction was not significant.
2 Adjusted for age and sex. 3 Adjusted for age, sex, vegetable consumption, fruit consumption, tea consumption, bladder cancer in the family, smoking status (current or not current), number of cigarettes per day and number of years of smoking. 4 Adjusted for age, sex, vegetable consumption, fruit consumption, tea consumption, and bladder cancer in the family. (Table 6) , there were no significant P values for interaction for any of the possible CYP2E1-influencing variables. In the bladder cancer analyses (Table 7) , cigarette smoking (ie, the number of cigarettes smoked/d) significantly modified the association between acrylamide and bladder cancer risk (P for interaction ҃ 0.02), and there was a borderline statistically significant HR of 1.09 (1.00, 1.19) for persons smoking ͧ15 cigarettes/d. Obese women had a lower acrylamide-associated risk of bladder cancer (HR: 0.47; 95% CI: 0.21, 1.05; P for interaction ҃ 0.03) than did nonobese women, although this finding was based on only 16 obese cases (data not shown). The P values for interaction suggest that none of the variables statistically significantly modified the prostate cancer risk associated with acrylamide intake (Table 8) .
For renal cell cancer
DISCUSSION
This prospective cohort study provides indications that dietary acrylamide intake may increase the risk of renal cell cancer. In 2 case-control studies in Sweden, no association between acrylamide intake and renal cell cancer risk was observed (18, 19) , but case-control studies may suffer from recall bias and selection bias, which may distort true associations. These types of biases are not relevant in the present prospective cohort study, which includes a nearly complete follow-up. In never or former smokers, there was no association between acrylamide and renal cell cancer risk, which may be explained by the higher risk in the subgroup with the longest duration of smoking (see Table 6 ). Thus, there may be a synergy between acrylamide intake and duration of smoking.
In the present study, acrylamide intake, overall, was not positively associated with a risk of bladder cancer, whether total or invasive. This finding is in line with the only study on this topic from Sweden. However, in that case-control study, the association was not evaluated separately for men and women. In the present study, there was a borderline statistically significant inverse trend but no clear linear dose-response relation for the association between acrylamide intake and bladder cancer risk in never smokers; this trend appeared to be restricted to the female subgroup. On the basis of the present study alone, we do not make a statement about whether there may be an inverse nonlinear dose-response relation between acrylamide intake and bladder cancer risk in women. It is too early to say whether the observed significantly decreased HRs in some quintiles of acrylamide intake represent a real biological effect or whether they are due to random fluctuations. More research on acrylamide intake and bladder cancer risk in women is needed. In contrast, there was a significant positive interaction between acrylamide intake and smoking in terms of the number of cigarettes smoked per day.
We found no positive association between acrylamide intake and prostate cancer risk. We did, however, observe an inverse linear trend in never smokers, but it was not statistically significant. In the only other epidemiologic study on dietary acrylamide intake and prostate cancer risk so far, no association was observed (17) , but, in that case-control study, no subgroup analyses were performed for never smokers.
The relative risks of renal cell cancer associated with dietary acrylamide intake that we have observed in the present study are considerably higher than the relative risks that would be expected on the basis of linear extrapolation of the results of a cancer incidence study in rodents (40) that used the tissue that was most 1 HR, hazard ratio; Q, quintile. The numbers of cases and person-years are the numbers that resulted after listwise deletion of observations with missing values for the selected confounders. HRs were calculated through Cox proportional hazards analysis.
2 Adjusted for age. 3 Adjusted for age, socioeconomic status, prostate cancer in the family, alcohol intake, smoking status (current or not current), number of cigarettes per day, and number of years of smoking.
4 Adjusted for age, socioeconomic status, prostate cancer in the family, and alcohol intake.
sensitive to carcinogenesis. In rodents, no tumors were observed in the kidney upon acrylamide administration (7) (8) (9) (10) . However, the results of extrapolating the high acrylamide dosages that were administered to animals to the low dosages that humans are exposed to through food are uncertain. The activity or capacity of enzymes in the metabolism of acrylamide may be either increased or decreased at low doses, and humans may differ from animals in their ability to otherwise detoxify or eliminate acrylamide or glycidamide. The genotoxic action of glycidamide (35, 41, 42) is currently adopted as the mechanism of carcinogenic action in acrylamide cancer risk assessments. In a previous study, we observed positive associations between acrylamide intake and both endometrial and ovarian cancer risk (22) , which might indicate that disturbance of hormonal balances may also be a mechanism of acrylamide carcinogenesis. Rodents may not be a good (quantitative) model for such hormonal effects.
The associations between acrylamide intake and renal cell, bladder, and prostate cancer risk that were observed in this study may be a reflection of the potential hormonal influences of acrylamide. A recent in vitro study of glycidamide-induced gene expression in human breast and colon cancer cells adds to this theory by showing up-regulation of genes that catalyze the conversion of inactive androgen and estrogen precursors to active forms, such as testosterone and 17␤-estradiol (43) . Renal cell cancer risk has been positively associated with estrogens in both animals and humans (44, 45) . In prospective cohort studies, indications were found for an inverse association between estrogen and bladder cancer risk, in the form of inverse associations between age at menopause and bladder cancer risk and between lifetime years of ovulation and bladder cancer risk (46) . In addition, both rodent and human bladder cells express estrogen receptors, and estrogens inhibit bladder carcinogenesis in rodents (46) . If acrylamide were to increase the concentrations of free estrogen in the body, that could explain both its positive association with endometrial, ovarian cancer, and renal cell cancer risk and its negative association with bladder cancer risk in females. Furthermore, acrylamide has been shown to decrease concentrations of plasma testosterone in rats upon acrylamide injection into the rat brain (47) . This finding may explain the decrease in HRs for prostate cancer in never smokers across the quintiles of acrylamide intake that was observed in the present study; the question of whether a high concentration of testosterone is indeed a risk factor for prostate cancer is, however, still under debate (48) . In a prospective cohort study, in which the risk ratios for several hormones were mutually adjusted for each other and for sex hormone-binding globulin, testosterone was positively associated and estrogens were negatively associated with the risk of prostate cancer (49) .
This study has some limitations. FFQs have limitations, as discussed elsewhere (50), but they are the only feasible way to assess dietary intake over a long period in large-scale epidemiologic studies. Acrylamide adducts to hemoglobin can be used as a biomarker of exposure (31), but they represent the exposure during the preceding 3 mo only. Furthermore, biomarkers are not specific with regard to the source of acrylamide. Thus, in biomarker studies of dietary acrylamide exposure, strict control for smoking and passive smoking is of the utmost importance. Moreover, the costs of using biomarkers limit the size of the population that can be used in a study. The NLCS FFQ has proved to be both valid (27) and reproducible (28) with respect to 1 HRs were calculated by using Cox proportional hazards analysis. Adjusted for age, sex, hypertension (yes or no), BMI, energy intake, fruit consumption, vegetable consumption, and (where appropriate) smoking status (current or not current), number of cigarettes/d, and number of years of smoking.
2 P value for all subjects. 3 An insufficient number of cases (all such). 4 P value for never smokers only. 1 HRs were calculated by using Cox proportional hazards analysis. Adjusted for age, sex, vegetable consumption, fruit consumption, tea consumption, family history of bladder cancer, and (where appropriate) smoking status (current or not current), number of cigarettes/d, and number of years of smoking.
2 P values for all subjects.
3 P values for never smokers only. 4 An insufficient number of cases (all such). nutrients that correlate with acrylamide, such as carbohydrates and fiber. The acrylamide intake assessment is an important asset of the present study, as are its large study size and prospective nature, the latter of which excludes selection and recall bias. We used acrylamide concentrations in foods from the Dutch market only, and we specifically sampled and analyzed foods that were relevant for the NLCS population.
Within the validation study that we described in the Methods section, visual inspection of the scatter plot and the BlandAltman plot showed that most of the estimated amounts were higher than the corresponding measured amounts. This finding implies that the use of mean values of acrylamide concentrations in foods to estimate dietary acrylamide intake on a continuous scale probably leads to some underestimation of the true acrylamide-associated risk.
It has to be borne in mind that the variation in acrylamide intake in our study was to a large extent due to Dutch spiced cake, which resembles gingerbread of the cake-like, noncrusty type. Dutch spiced cake does not necessarily contain ginger, but it contains other spices and sometimes fruit. Concentrations of acrylamide in Dutch spiced cake (mean: 1018 ppb) are much higher than those in plain cake (mean: 30 ppb). Because of the addition of glucose and fructose syrup, Dutch spiced cake contains a greater amount of reducing sugars than do other cakes. In the presence of ammonium hydrogen carbonate, which is often used as a baking agent in spiced cake, the formation of acrylamide is further enhanced (51) . There is no indication that the associations between acrylamide intake and renal cell, bladder, and prostate cancer risk should be attributed to other ingredients of spiced cake; the results did not change signficantly after adjustment for spiced cake.
For the interaction analyses, we calculated many HRs in many small subgroups, which makes it likely that some of the observed significant P values for interaction or HRs in subgroups were spurious. Therefore, they should be interpreted cautiously, and their analysis should be repeated in other epidemiologic studies.
Current populations, especially young people, consume larger amounts of potato chips and French fries than did the NLCS population. Because of the high acrylamide concentrations of these foods, current dietary intake of acrylamide is assumed to be considerably higher (29, 31, 52) than the intake in the present study. In contrast, industry and science are investigating ways to reduce acrylamide concentrations in food and have succeeded to some extent with respect to certain foods (53) .
Although replication in other prospective studies is needed, the present study suggests that acrylamide is not neutral with regard to carcinogenesis. Depending on the tissue, acrylamide may have both carcinogenic and anticarcinogenic properties, which suggests that the genotoxic action of glycidamide, the epoxide metabolite of acrylamide, may not be the (only) pathway through which acrylamide exerts its effects. The results of the interaction analyses between acrylamide and the CYP2E1-modifying variables also do not clearly point toward a glycidamide-mediated genotoxic effect, because they do not modify, or at least do not consistently modify, the association between acrylamide intake and renal cell, bladder, and prostate cancer risk.
We encourage other researchers to prospectively investigate the association between dietary acrylamide intake and renal, bladder, and prostate cancer risk; to perform subgroup analyses for nonsmokers; and to study interactions with factors that modify CYP2E1 activity. In the mean time, the indications of a positive association between acrylamide intake and endometrial, ovarian, and renal cell cancer risk should be an incentive for food industries to continue striving to lower acrylamide concentrations in foods.
